Response surface methodology (RSM) based on central composite rotatable design (CCRD) was used to determine the optimal levels of medium components, viz., soluble starch, tapioca flour, peptone, magnesium chloride and ferrous sulphate for enhanced thermostable amylopullulanase production by Clostridium thermosulfurogenes SVM17 in submerged fermentation. The design contains a total of 54 experimental trials with first 32 organized in a fractional factorial design and experimental trials from 33-40 and 51-54 involving the replication of the central points. Within the tested range of concentrations, all medium components were found significant. The optimum levels of nutrients for maximum production of enzyme were (% w/v): potato starch, 5.2; tapioca flour, 6.3; peptone, 2.5; MgCl2· 6H2O, 0.015 and FeSO4· 7H2O, 6.0 ppm. After optimization of medium components, the strain SVM17 showed 96 and 409 % increased amylase and pullulanase activities, respectively when compared with the non-optimized conditions.
INTRODUCTION
and maltose starch into Bioprocessing of maltooligosaccharides by enzymatic means is gaining importance, because of their potential application in food, pharmaceutical, beverage and fine chemical industries (Fogarty and Kelly, 1990; Saha et al., 2009) . They are produced by hydrolysis of starch using amylases from higher plants, certain mesophilic bacteria and fungi. The majority of amylases reported so far are optimally active at moderate temperatures (Haki and Rakshit, 2003) . Therefore a high value is placed on extreme thermostable enzymes. Presence of both -1,4-and -1,6-hydrolyzing enzymes will have added advantages. Thermoanaerobes show promise for production of thermostable enzymes, and efforts have been made to isolate thermoanaerobic bacteria that produce an enzyme which can hydrolyze both -1,6-linkages in pullulan and starch and -1,4-linkages in starch. Since the enzymes have both amylase and pullulanase activities, the term amylopullulanase has been coined to categorize them (Saha and Zeikus, 1989; Spreinat and Antranikian, 1990; Kwak et al., 1998; Zareian et al., 2010; Mrudula et al., 2011a; 2011b) . Earlier, we have isolated anaerobic, thermophilic and amylolytic bacteria in our laboratory (Swamy and Seenayya, 1996a) . The strains were further screened for production of maltose and maltooligosaccharides and the strain Clostridium thermosulfurogenes SVM17, which produced increased yield of amylopullulanase and stable at 100 °C was selected (Mrudula, 2010; Mrudula et al., 2010; Mrudula et al., 2011a; 2011b) .
Yield of any microbial product can be improved by optimization of medium components that are required in fermentation processes. Application of statistical methodologies in fermentation process development can result in improved yields of the product, reduced process variability, closer confirmation of the out put response to normal and target requirements, reduced development time with overall costs (Mrudula, 2010) . Conventional practice of single variable optimization is, by maintaining other variables involved at a constant level. The major disadvantage "change this of -single-factor-at-a-time" effects not include interactive is that it does method ( variables among the 1999; Panda, and Naidu Jagannadha Rao et al., 2000; Teng and Xu, 2008; Satyanarayana and Pradeep, 2009 ). This method is a time consuming process and requires a number of experiments to determine optimum levels, which are unreliable inferio considered to be and therefore r to statistical methodologies. These limitations of a single factor optimization process can be eliminated by optimizing all the affecting parameters collectively by statistical experimental design using response surface methodology (RSM) (Box and Wilson, 1951; Khuri and Cornell, 1987) . RSM has gained importance for optimization of media components and parameters (Uma Maheswara Rao and Satyanarayana, 2007; Teng and Xu, 2008; Reddy et al., 2008; Mrudula et al., 2010; Mrudula et al., 2011b) . To the best of our knowledge there is no report on optimization of nutrient levels for amylopullulanase using RSM in SmF. In the present study, RSM based on central composite rotatable design (CCRD) was applied to determine the optimum concentrations of medium components for increased production of thermostable amylopullulanase by C. thermosulfurogenes SVM17 in SmF.
MATERIALS AND METHODS

Microorganism and culture conditions
The bacterial strain used in the present study was isolated in our laboratory and identified as Clostridium thermosulfurogenes SVM17 (Swamy and Seenayya, 1996a; Mrudula, 2010; Mrudula et al., 2011a; Mrudula et al., 2011b) . The organism was cultivated anaerobically in 120 mL serum vials that contained 20 mL of peptone yeast extract (PYE) medium (Swamy and Seenayya, 1996b) .
Submerged fermentation medium and experimental parameters
Basal medium (20 mL) containing (g/L) KH2PO4, 0.3; Na2HPO4· 7H2O, 2.0 and resazurin, 0.002 dissolved in distilled water were dispensed into 120 mL serum vials. Five medium components, viz., soluble starch (0.5-6.5%), tapioca flour (0.5-6.5%), peptone (1.5-3.5%), MgCl2· 6H2O (0.005-0.025%) and FeSO4· 7H2O (2.0-10.0 ppm) with 3.5, 3.5, 2.5, 0.015 and 6.0 ppm, respectively as their central points under study were added to each vial as given in RSM experimental design (Table 1) . The concentration range for each nutrient was fixed based on the literature (Rama Mohan Reddy et al., 2003) and on our own experience gained. The medium was flushed with nitrogen gas to create anaerobic conditions and vials were sealed and sterilized at 121 °C for 15 min. The vials were cooled to r.t. (28 ± 2 °C and 2% (v/v) of 2.5% (w/v) Na2S was added, pH was adjusted to 7.5, inoculated with 5% (v/v) exponentially grown culture and incubated at 60 °C for 24 h.
Experimental design
A central composite rotatable design (CCRD) was used to optimize the concentrations of nutrients. The design contains a total of 54 experimental trials with first 32 organized in a fractional factorial design (Cochran and Cox, 1957; Rama Mohan Reddy et al., 2003; Mrudula, 2010) , the experimental trials from 33-40 and 51-54 involve the replications of central points and experimental trials from 41-50 are axial points (star points). The response i.e., amount of enzyme produced by C. thermosulfurogenes SVM17 was assumed to be influenced by the five factors selected for the study. Once the experiments were performed, the coefficients of second-order polynomial model for five factors were calculated from the following equation (Montgomery, 1991) . Y= b0 + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b11X1 2 + b22 X2 2 + b33 X3 2 + b44 X4 2 + b55 X5 2 + b12X1X2 + b13X1X3 + b14X1X4 + b15X1X5 + b23X2X3 + b24X2X4 + b25X2X5 + b34X3X4 + b35X3X5 + b45X4X5 + B Where, y is the response (predicted yield of enzyme), b0 is the intercept, b1, b2, b3, b4 and b5 are the linear coefficients, b11, b22, b33, b44 and b55 are quadratic coefficients and b12 -15, b23-25, b34-35 and b45 are the interactive coefficients.
Significance of the model was determined based on lack of fit and significance of each coefficient was determined using the student t-test (Gong and Chen, 1998; Rama Mohan Reddy et al., 2000; Mrudula 2010) . Graphical representation of these equations are called response surface curves, used to describe the individual and cumulative effect of the test variable (factor) on the response and to determine the mutual interactions between two test variables and their subsequent effect on the response (Khuri and Cornell, 1987; Montgomery, 1991) . The three dimensional response surface plot was drawn with vertical axis representing the enzyme yield and two horizontal axes representing five different levels of two explanatory nutrients by keeping other three factors at zero level.
The results were analyzed using the "Indostat" statistical software (Indostat services, Hyderabad, India; Anonymous, 1998) . Optimum concentration of each nutrient is identified based on the hump in three dimensional plots.
Enzyme assay
Amylase and pullulanase activities were measured by incubating 0.5 ml of appropriately diluted enzyme source with 0.5 ml of 1% (w/v) starch solution and pullulan solution, respectively in 2 mL of 0.1 M acetate buffer (pH 5.5) at 70 °C for 30 min respectively. After incubation, reaction was stopped by cooling the tubes in an ice bath. The reducing sugars released by enzymatic hydrolysis of soluble starch and pullulan were determined by addition of 1 mL of 3,5-dinitrosalicylic acid (Miller, 1959) . A separate blank was set up for each sample to correct the nonenzymatic release of sugars. One unit of amylase or pullulanase is defined as the rate of formation of (1 U mol) of reducing sugars (as glucose equivalents) per min under standard assay conditions.
RESULTS AND DISCUSSION
C. thermosulfurogenes SVM17 grew optimally at growth temperature of 60 °C, at an initial pH of 7.5 and incubation period of 24 h. Under these conditions, the strain produced 2600 and 1300 U of thermostable amylase and pullulanase activities, respectively per litre of culture broth using PYE medium containing 0.5% (w/v) soluble starch as carbon source.
Previously 15 nutrients comprising of four each of carbon, nitrogen, minerals and then complex organic sources (flours) were screened using Plackett-Burman design for thermostable amylopullulanase production by C. thermosulfurogens SVM17 in SmF (Mrudula et al., 2010) . Among them five medium components, viz., starch, tapioca flour, peptone, MgCl2 and FeSO4 have been identified as most significant and further selected for optimization of their levels using RSM in SmF. Table 1 : Central composite rotatable design (CCRD) of five medium components in coded and uncoded units: Effect of each combination on the production of thermostable amylopullulanase by C. thermosulfurogenes SVM17 in SmF.
Combination number Response surface analysis for the optimization of nutrient levels
The predicted and experimental yields of pullulanase and amylase for 54 experiments are given in Table 2 . The regression coefficients and t-values of pullulanase and amylase are given in Tables 3 and 4 , respectively. Analysis of variance (ANOVA) is required to test the significance and adequacy of the model. From Tables 3  and 4 , ANOVA of the model demonstrates that the model is highly significant, as is evident from Fisher, F-test (F model, mean square regression/mean square residual) and a very low probability value. The F values corresponding to pullulanase and amylase are 4.702 and 4.457, respectively and P values of the models were less than 0.00005 and 0.00008 for pullulanase and amylase respectively. Greater the F value is from one, the more certain that the factors explain adequately the variation in the data about its mean and the estimated factor effects are real. P values were used as a tool to check the significance of each of the coefficient which in turn was necessary to understand the pattern of the mutual interactions between the test variables. Smaller the magnitude of P, more significant is the corresponding coefficient (Khuri and Cornell, 1987) . Goodness of the model was checked by the co-efficient of determination, R 2 . Closer the values of R (multiple correlation coefficients) to 1, better the correlation between observed and predicted values. Hence we observed the values of R for pullulanase (0.870) and amylase (0.864) indicate a good agreement between the experimental and predicted values of pullulanase and amylase yields, respectively. The R 2 for pullulanase and amylase were 0.757 and 0.746, respectively. Coefficient of variation (CV) indicates the degree of precision with which the treatments are compared. Usually, higher the value of CV, lower is the reliability of experiments performed. Here a lower value of CV (9.56 for pullulanase and 9.92 for amylase) indicates a greater reliability of the experiments performed.
The regression coefficients and corresponding P values (Tables 3 and 4) suggest that, among the test variables, linear relationship between soluble starch and enzyme yields and tapioca flour and enzyme yields were highly significant followed by both linear and quadratic relations between peptone and enzyme yields. Ferrous sulphate also influences the enzyme yields but its quadratic effect was more pronounced than the linear effect. The mutual interaction between tapioca flour and magnesium chloride is also important and other interactions are insignificant.
Interactions among the nutrients
Figures 1a,b to 5a,b are the significant response surface curves for amylase and pullulanase activities of thermostable amylopullulanase, respectively as a function of concentrations of two medium components with other three components held at zero level. From the response surface plots, it is easy and convenient to understand the interactions between two nutrients and also to locate their optimum levels.
From Figures 1a, b , it can be seen that the yields of both amylase and pullulanase were increased as the concentration of soluble starch increased from 0.5 to 6.5%. Similarly the enzyme yields were increased up on increasing the concentrations of tapioca flour from 0.5 to 5.0% (Figures 2a, b ) at higher concentrations of peptone (Figures 2a, b) . High concentration of magnesium chloride is required for maximum production of enzymes in the presence of high concentrations of peptone (2.5-3.0%) (Figures 4a,b) and ferrous sulphate (8.0 ppm) (Figures  5a,b) . High enzyme yields of amylase and pullulanase were recorded when ferrous sulphate was used at a concentration of 8.0 ppm (Figures 3 a, b) .
From the above observations, it is clear that the maximum pullulanase and amylase activities were observed when the concentrations of test variables lie in the following ranges (% w/v): soluble starch 5-6.5; tapioca flour, 5.0; peptone, 2.5-3.0; ferrous sulphate, 7.0-8.0 ppm and magnesium chloride, 0.015-0.02. Based on the above observations, the model predicted optimum levels of nutrients for maximum production of enzyme were (% w/v): potato starch, 5.2; tapioca flour, 6.3; peptone, 2.5; magnesium chloride, 0.015 and ferrous sulphate, 6.0 ppm. By substituting the corresponding coded concentration levels of factors into the regression equation, maximum predictable response for amylase and pullulanase activities were calculated. Maximum yield of amylase and pullulanase obtained using the optimized medium was 5,099 and 6,610 U/L, respectively. It was in correlation with the predicted yields. After optimization, the yields of amylase and pullulanase were increased by 96 and 409 %, respectively. Experiments were conducted in 120 mL serum vials with respective concentrations of nutrients as per the design (Table 1) Several reports are available in literature on statistical approaches (such as RSM) for optimization of medium components and various physical parameters for production of different microbial products. In SmF, the RSM has been applied for production of -amylase by Bacillus sp. (Tanyildizi et al., 2005) , Geobacillus thermoleovorans (Uma  Maheswara  Rao and Satyanarayana, 2007) , lipase by Geotrichum sp. (Burkert et al., 2004) , whole cell lipase by Rhizopus chinensis (Teng and Xu, 2008) , phytase by E. coli (Sunitha et al., 1999) , glucosyl transferase by Aspergillus niger (Lee and Chen, 1997) , laccase by Botryosphaeria sp. (Vasconcelos et al., 2000) . A two fold increase in -amylase production was reported in B. circulans GRS313 (Dey et al., 2002) by use of response surface methodology. Rama Mohan Reddy et al., (1999; 2003) reported about 10 and 36% more pullulanase and -amylase by Clostridium thermosulfurogens SV2 after optimization of medium composition.
Amylopullulanase of Clostridium thermosulfurogens SVM 17 showed increase in the yields of amylase and pullulanase by 106 % and 182 %, respectively in SSF (Mrudula, 2010) . Kapat et al. (1998) used RSM to evaluate optimum environmental conditions for production of glucose oxidase. With these optimized physical parameters, glucose oxidase production by recombinant S. cerevisiae was increased by 74 % compared to un-optimized conditions. 
CONCLUSIONS
Conventional medium formulation studies are usually time consuming and expensive (Srinivas et al., 1994; Rama Mohan Reddy et al., 1999) . To overcome these problems, an efficient fermentation medium for production of thermostable amylopullulanase with increased yields by C. thermosulfurogenes SVM17 has been developed. RSM was used to optimize the medium components. The optimized medium produced 96 and 409% more of thermostable amylase and pullulanase, respectively which means that the productivity was greatly increased: The utilization of raw material with low cost, for example tapioca flour reduces overall cost of fermentation medium for amylopullulanase production therefore amylopullulanase production by C. thermosulfurogenes SVM17 can be considered as highly promising for industrial production than the un-optimized medium.
